However, P. aquatic seems to be the most studied of the Pachira species. Fatty acids such as malvalic acid, sterculic acid and α-hydroxy-sterculic acid and palmitic acid were previously described from the plant 5, 6 . The phytochemical analysis of P. aquatic described the isolation of an antifungal fungitoxin known as isohemigossypolone 7 In Nigeria, P. glabra is cultivated and grown as an ornamental plant in home yards and gardens for its attractive flowers, and for the seeds, which is eaten as beans. However, to the best of our knowledge, there are no reports on the volatile and non-volatile constituents and biological activities of Pachira species growing in Nigeria. In this paper we report for the first time the chemical composition, antimicrobial and insecticidal activities of essential oil of Pachira glabra growing in South-western Nigeria.
EXPERIMENTAL PROCEDURES

Plant material
Fresh leaves of P. glabra were collected from Ejigbo Town, Ejigbo/Idimu Local Government Development Area, Lagos State, Nigeria, on March 2013. Botanical identification was carried out at the Herbairum, Department of Botany, University of Lagos, Akoka-Yaba, Lagos, Nigeria. A voucher specimen LUH 5742 had been deposited in the Herbarium of the University.
Isolation of essential oils
Air-dried and pulverized leaves 500 g of P. glabra were subjected to hydrodistillation using Clevenger-type apparatus for 3 h in accordance with the British Pharmacopoeia specification 11 . The essential oil PgEO was collected over and preserved in a sealed sample tube under refrigeration until analysis.
2.3 Gas chromatography/Flame Ionization Detection GC-FID Analysis GC analysis of PgEO was carried out on a Hewlett Packard HP 6820 Gas Chromatograph equipped with a FID detector and DB-5 column 60 m 0.25 mm id, film thickness was 0.25 μm at the split ratio was 1:25. The oven temperature was programmed from 50 after 2 min to 240 at 5 /min and the final temperature was held for 10 min. Injection and detector temperatures were 200 and 240 , respectively. Hydrogen was the carrier gas at the flow rate 1 mL/min. An aliquot of 0.2 μL of the diluted PgEO was injected into the GC. Peaks were measured by electronic integration. A homologous series of n-alkanes were run under the same conditions for determination of retention indices.
Gas chromatography-Mass spectrometry GC/MS
analysis GC-MS analyses of PgEO were performed on a Hewlett Packard Gas Chromatography HP 6890 interfaced with a Hewlett Packard 5973 mass spectrometer system equipped with a DB-5 capillary column 30 m 0.25 mm id, film thickness 0.25 μm . The oven temperature was programmed from 70-240 at the rate of 5 /min. The ion source was set at 240 and electron ionization at 70 eV. Helium was used as the carrier gas at a flow rate of 1 mL/ min. The scanning range was 35 to 425 amu. PgEO diluted in n-hexane 0.2 μL was injected into the GC/MS.
Identification of the Constituents
The identification of the constituents of PgEO was performed on the basis of retention indices RI determined by co-injection with reference to a homologous series of n-alkanes, under identical experimental conditions. Further identification was performed by comparison of their mass spectra with those from NIST 08 and Wiley 9 th Version and the home-made MS library built up from pure substances and components of known essential oils, as well as by comparison of their retention indices with literature values 12, 13 .
Antimicrobial assay
PgEO was tested against thirteen microorganisms twelve local isolates including two Gram-positive, seven Gram-negative and three fungal, and one reference strain 
Agar disc diffusion
PgEO was tested for antibacterial activity by the agar disc diffusion method according to established procedure 14 . The microorganisms were grown overnight at 37 in 20 mL of Müeller-Hinton broth MHB . The cultures were adjusted with sterile saline solution to obtain turbidity comparable to that of McFarland no. 5 standard 1.0 10 8 CFU/mL . Ninety millimeters Petri dishes Merck, South Africa containing 12 mL of sterilized Müeller-Hinton agar were inoculated with the microbial suspensions. Sterile Whatman No.1 6 mm discs papers were individually placed on the surface of the seeded agar plates and 10 μL of PgEO in dimethylsulfoxide, DMSO 1: 10 mg/mL was applied to the filter paper disk. The plates were incubated at 37 for 24 h and the diameter of the resulting zones of inhibition was measured. All tests were performed in triplicates. Ciprofloxacin and nalidixic acid were used as positive controls, while hexane and DMSO served as negative controls.
Minimum inhibitory concentration
The minimum inhibitory concentration MIC of PgEO was determined using 96-well microtitre dilution method according to the method of Eloff 15 . Bacterial cultures were incubated in Müller-Hinton broth overnight at 37 and a 1:1 dilution of each culture in fresh MHB was prepared prior to use in the micro dilution assay. Sterile water 100 μL was pipette into all wells of the microtitre plate, before transferring 100 μL of PgEO in DMSO. Serial dilutions were made to obtain concentrations ranging from 10 mg/mL to 0.078 mg/mL. One hundred μL of bacterial culture of an approximate inoculum size of 1.0 10 8 CFU/mL was added to all well and incubated at 37 for 24 h. After incubation, 40 μL of 0.2 mg/mL p-iodonitotetrazolium violet INT solution was added to each well and incubated at 37 . Plates were examined after about 30-60 min. of incubation. Microbial growth is indicated by the presence of a reddish colour which is produced when INT, a dehydrogenase activity detecting reagent, is reduced by metabolically active microorganism to the corresponding intensely coloured formazan. MIC is defined as the lowest concentration that produces an almost complete inhibition of visible micro-organism growth in liquid medium. Solvent controls DMSO and hexane and the standard antibiotics Ciprofloxacin and nalidixic acid were included in the assay.
Insecticidal activity
The insecticidal activity of PgEO was assay according to an established procedure described by Hashemi & Safavi 16 .
Adult insects of mixed sex, 7-14 days old of Sitophilus zeamais reared on maize and at 25 1 and 65 5 relative humidity R.H. was used for the bioassay. Filter paper Whatman No. 1, cut into 2-cm diameter pieces was impregnated with PgEO at doses calculated to give equivalent fumigant concentrations of 10, 20, 40, 60, 80 and 100 mg/mL air. The impregnated filter paper was then placed in the Petri dishes 90 mm containing 10 adults each of S. zeamais to different concentrations of PgEO. Each concentration and the control were replicated three times. Mortality was determined after 24, 48 and 72 h from the commencement of exposure. When no leg movement was observed, insects were considered dead. The percentage insect mortality was calculated using Abbott s formula 17 for natural mortality in untreated controls. Probit analysis was used to estimate LC 50 value.
Statistical analysis
The mean and standard deviation of three experiments were determined. Statistical analysis of the differences between mean values obtained for experimental groups were calculated as means standard deviation SD of three independent measurements using Microsoft excel program, 2003 and Origin 6.0. Data were subjected to one way analysis of variance ANOVA . P values ≤ 0.05 were regarded as significant and p values ≤ 0.01 as very significant. The percentage of mortality and lethal concentrations LC 50 values for insecticidal and larvicidal activities were determined using Abbot s formula and probit analysis program, version 1.5, respectively and reported as LC 50 with 95 confidence intervals, representing the concentrations in mg/mL with 50 mortality rate in 24 h.
RESULTS
Chemical constituents
The percentage yield of PgEO obtained from the hydrodistillation procedure was 0.71 v/w, calculated on a dry weight basis. PgEO was a pale yellow liquid with characteristic odour of beans. The percentage of each constituent identified from PgEO as well as the experimental and literature retention indices are summarized in Table 1 
Antimicrobial activity
The results of antimicrobial study Table 2 showed that PgEO exhibited broad spectrum of antimicrobial activity against some of the tested microorganisms with IZ and MIC highest in S. aureus 24.0 1.0 mm and 0.3 mg/mL , E. coli ATCC 34523 22. 3 2.1 mm and 0. 3 mg/mL and B. subtilis 16.7 1.5 mm and 0.6 mg/mL . However, moderate activity could be observed against E. coli 19.7 2.5 mm and 1.3 mg/mL , Salmonella spp 14.7 1.2 mm and 1.3 mg/mL , M. mucedo 15.0 3.6 mm and 2.5 mg/mL , R. stolonifer 15.3 2.3 mm and 2.5 mg/mL and P. notatum 13.7 3.5 mm and 2.5 mg/mL . However, PgEO displayed poor activities against C. youagae 9.3 1.5 , Micrococcus spp 9.6 1.5 and Proteus spp 9.2 1.2 in which MIC ≥ 5 mg/mL.
Insecticidal activity
The insecticidal activity of PgEO was determined against S. zeamais. Figure 1 showed the results of the insecticidal potential of the PgEO, standards allethrin and permethrin and the control DMSO solution , which indicated mortality to S. zeamais after 72 h exposure. The lethal concentrations LC 50 and LC 90 of oil against S. zeamais were 32.2 and 53.2 mg/L air, respectively. Fatty acids 6.6 a Elution order on DB-5 column; RI (Cal.) Experimental retention indices relative to C 9 -C 24 n-alkanes on the DB-5 column; RI (Lit.) Literature retention indices
DISCUSSION
Monoterpenes accounted for 51.2 of the total PgEO content. Although, literature information is scanty on the oil composition of this species, this reuslt showed some difference in composition with respect to data in the literature such as those reported for B. glabra 4 and P. aquatica from Brazil 10 . These authors found that both species were characterised by the dominance of E, E -α-farnesene, trans-linalool oxide furnaoid and pyranoid , elemol, phenylacetaldehyde and palmitic acid were not identified in PgEO. Conversely, limonene, β-caryophyllene, phtyol and β-bisabolene, the main compounds of PgEO were not detected in previous studies on Pachira oils 4, 10 .
In the antimicrobial assay, considerable activities were observed against S. aureus, E. coli ATCC 34523 , B. Subtilis, E. coli, Salmonella spp., M. mucedo, R. stolonifer and P. notatum. The oil acted more strongly against S. aureus, E. coli ATCC 34523 and B. subtilis with MIC of 0.3, 0.3 and 0.6 mg/mL. The antimicrobial activity of essential oil is related in most cases to its major components and the synergistic effects of the minor constituents should also be taken into consideration. Referring to literature, limonene 18 , β-caryophyllene 19 and phytol 20 have shown antimicrobial. Some minor constituents present in PgEO such as citral and α-terpineol are known to possessed antibacterial potential 21 . The present antimicrobial effects indicate that the PgEO may be used for the control of gastroenteritis, urinary tract infections, skin infections, respiratory diseases and food poisoning. It is noticeable that the PgEO has moderate toxic effect on S. zeamais Fig. 1 , when compared Fig. 1 Insecticidal activity of P. glabra essential oil, allethrin and permethrin after 72 h exposure. Each value is mean ± S.E (n = 3).
CONCLUSION
In the present work, we reported the chemical composition of Nigerian essential oil of P. glabra. Thirty-three compounds were identified and the main components were limonene, β-caryophyllene, phtyol and β-bisabolene. The PgEO, reveal a very important in vitro antimicrobial activity on the studied organisms, confirmed by a low minimum inhibitory concentration MIC . Therefore, PgEO can be used in the treatment of infectious diseases caused by pathogenic bacteria and as natural preservative in food. In addition, PgEO can also be used in controlling insect damage to stored products. Our results are a contribution to a better valorization of this medicinal plant. Several other biological assays will be conducted to search for more eventual activities of this plant to isolate the active principles.
